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The spin dynamics of an interwell excitons gas has been investigated in n-i-n GaAs/AlGaAs
coupled quantum wells (CQWs). In these heterostructures the electron and the hole are spatially
separated in neighboring quantum wells by a narrow AlAs barrier, when an electric field is applied.
The time evolution kinetics of the interwell exciton photoluminescence has been measured under
resonant excitation of the 1sHH intrawell exciton, using a pulsed tunable laser. The formation of
a collective exciton phase in time and the temperature dependence of its spin relaxation rate have
been studied. The spin relaxation rate of the interwell excitons is strongly reduced in the collective
phase. This observation provides evidence for the coherence of the indirect excitons collective phase
at temperatures below a critical Tc.
PACS numbers: 75.75.+a, 05.40.-a, 75.50.Pp, 78.67.Hc
I. INTRODUCTION
Among the quasi-two-dimensional systems based on
semiconductor heterostructures, coupled quantum wells
are of special interest because they may provide a spatial
separation of photoexcited electrons and holes in neigh-
boring quantum wells [1]. For example, in n-i-n type
GaAs/AlGaAs CQWs with tilted bands due to bias ap-
plication, excitons can be excited with electron and hole
confined in adjacent wells which are separated by a tun-
neling barrier. These excitons are called spatially indirect
or interwell excitons (IEs) and differ from the direct in-
trawell excitons (DEs), for which electron and hole are
located in the same QW. In contrast to intrawell excitons,
IEs are long-lived because the wave functions of electron
and hole overlap very weakly through the tunneling bar-
rier. This might open the possibility for such an electron-
hole system to maintain electron spin orientation as long
as the IEs life-time (several nanoseconds and longer). A
large number of IEs can be easily accumulated and this
exciton gas can be cooled down to rather low tempera-
tures. Various possible scenarios of collective behavior
of a dense system of spatially separated electrons and
holes have been considered theoretically [1-3]. Further,
there are already a lot of works [see reviews 4-6] report-
ing on collective behavior of IEs upon reaching critical
conditions.
Earlier, we have found that below a critical tem-
perature the gas of IEs in CQWs undergoes a phase
transition-like behavior with increasing exciton density
[7]. Experimental findings such as strong narrowing of
the IEs photoluminescence line, drastic increasing of its
circular polarisation degree and high sensitivity with re-
spect to temperature have been associated with the con-
densation of IEs to a collective dielectric phase. Later
it has been shown that if critical conditions are satisfied
the IEs collective phase is most likely to occur in domain
regions with lateral confinement [8]. According to our
experiments the condensation occurs at T < 4K for an
average exciton concentration of nex ∼ 3× 10
10cm−2.
A collective excitonic phase, corresponding to a macro-
scopic exciton occupation of the lower state in domain,
should show spatial and temporal coherence. This means
that within the coherence length condensed excitons are
described by a common wave function. Consequences
expected from this are an increase of the radiative decay
rate of the excitons and a reduction of the exciton spin
relaxation rate. Due to these features the opportunity
for resonant photoexcitation of a spin aligned collective
interwell excitonic phase might arise. In the considered
case the coherence length scale is expected to be equal to
the size of the domain, arising from long range potential
fluctuations (around one micron in lateral size), in which
IEs can be accumulated.
In this manuscript we will address the IEs spin relax-
ation rate by measuring and analyzing the circular po-
larization degree under resonant pulsed laser photoexci-
tation. The paper is organized as follows. After describ-
ing the CQWs heterostructures being studied as well as
the experimental technique in Section 2A, we describe
in Section 2B the time evolution of the spectra and the
decay curves of the luminescence intensity of IEs under
conditions of resonant pulsed laser excitation. A broad
set of experimental parameters (pump power, electrical
bias, and temperature) was varied. In Section 3 we dis-
cuss theoretical calculations of the IEs spin relaxation
rate. Finally in the concluding section 4 various prop-
erties of IEs observed in their luminescence spectra and
2their critical behavior as function of optical pumping and
temperature are interpreted in terms of a collective exci-
ton behavior.
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FIG. 1: (a) Streak camera image of the photoluminescence
signal as result of excitation of the sample by a short laser
pulse (about 1 ps duration). The brightness corresponds to
the photoluminescence intensity. The horizontal axis gives en-
ergy, the vertical axis gives time. (b) Horizontal cut through
the image (as indicated by the corresponding line in panel
(a)) gives the photoluminescence spectrum at a fixed time.
(c) Vertical cut (as for the vertical line in (a)) gives the photo-
luminescence kinetics at a fixed wavelength. Arrows indicate
signal from the intrawell exciton (1sHH) and the interwell ex-
citon (IIE). The image was obtained for a bias voltage U =
0.65V at T = 1.85K.
II. EXPERIMENT
A. Samples and experimental setup
We have investigated a n-i-n GaAs/AlGaAs het-
erostructure containing a GaAs/AlAs/GaAs CQW with
a width of the GaAs wells of about 120A˚, and a width
of the AlAs barrier of about 11A˚. The structure was
grown using molecular-beam epitaxy on a n-type doped
GaAs substrate (concentration of the Si-impurity dop-
ing ∼ 1018cm−3) with (001) crystallographic orientation.
First, a 0.5µm thick buffer layer of Si-doped (1018cm−3)
GaAs was grown on top of the substrate. Next, an insu-
lating AlGaAs layer (x = 0.33) with a thickness of 0.15µ
was deposited. Then the GaAs/AlAs/GaAs CQWs se-
quence was grown. To improve the interface quality, the
growth interruption technique has been used for the AlAs
heteroboundaries. After the CQW, an insulating AlGaAs
layer with a thickness of 0.15µ was grown, followed by
a 0.1µ thick layer of Si-doped (1018cm−3) GaAs. The
whole structure was covered by a 100A˚ wide GaAs layer.
Mesas with a lateral size 1×1mm2 were prepared on this
structure by lithography. Further, Au + Ge + Pt alloy
metallic contacts to the buffer layer and to the doped
layer in the upper part of a mesa were evaporated.
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FIG. 2: Time-resolved IEs PL spectra taken at T = 1.85K and
T = 3.8K for various delay times after laser pulse excitation.
U=0.6V.
The IE photoluminescence (PL) was excited by 120-
femtosecond laser pulses with a repetition rate of 76 MHz.
A holographic grating with optical slits has been used for
pulse shaping. The detection of the signal was provided
by a Hamamatsu streak-camera (Model 5680-24) with a
Si charged-coupled-device (CCD) detector attached to a
0.5-m spectrometer (Acton SP-500i). The systems time
resolution was about 70 ps in this configuration. For
circular polarization analysis of the PL signal under res-
onant photoexcitation we have used linear polarizers and
quarter wave retarder plates.
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FIG. 3: IEs PL decay curves measured under pulsed photoex-
citation at different excitation powers, detected at the PL line
maximum (T=2K, U=0.6V).
B. Experimental results.
Fig. 1(a) gives a contour plot of a streak camera image
of the PL emission from the studied CQWs. The horizon-
tal (vertical) axis gives energy (time), while the bright-
ness gives the PL intensity. For data analysis this image
has been profiled either along the energy axis (fig.1b)
or along the time-axis (fig.1c), resulting in time-resolved
PL spectra and energy-resolved PL decay curves, respec-
tively. For spin orientation of the IEs we used circular
polarized (for example, σ+) laser excitation resonant to
the ground state of the intrawell 1sHH excitons. The
interwell exciton PL kinetics was measured under these
conditions for different temperatures and bias voltages.
Figure 2 shows the time evolution of the polarization
resolved PL spectra (σ+ - green curves and σ− - black
curves) as well as the circular polarization degrees across
the PL emission spectra (red curves). The spectra have
been measured for various time delays relative to the ex-
citing laser pulse at T=1.8 and 3.8K for an applied volt-
age U=0.6V. At zero delay, the IE PL is strongly circu-
larly polarized, following the polarization of the exciting
laser, and has a full width at half maximum (FWHM)
of about 3meV. As the delay increases the PL line nar-
rows and shifts somewhat toward the long-wavelength
part of the spectrum. At T=1.8K this shift is equal
to 1.5meV whereas at temperatures above T=3.6K it is
about 1.1meV only. The PL line width evolution is highly
sensitive to temperature: At 3.8K such a strong narrow-
ing of the line with increasing delay does not occur as it
is observed T = 1.8K.
The two decay curves shown on figure 3 correspond
to different excitation powers, measured at the PL line
maximum of the IEs at T=2K and U=0.6V. One can see
that decay time for larger power is much shorter (about 3
versus 7ns) than for smaller one. This description is ap-
proximative and has been used for the monoexponential
data fitting.
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FIG. 4: Circular polarization resolved decay curves of the IEs
PL (σ+ - green curves, σ− - black curves) and circular polar-
ization degree of IEs PL (red curves) measured at different
temperatures within the crosshatched region in Fig. 2. U =
0.6 V.
The time evolution of the circular polarization degree
reflects the IE spin relaxation. The circular polarization
is defined as γ = (Iσ+ − Iσ−)/(Iσ+ + Iσ−), where Iσ+ ,σ−
are the PL signal intensities for the σ+ and σ− compo-
nents. From Fig. 2 it becomes evident that γ varies
with the PL emission energy and also depends strongly
on temperature. Within the first nanosecond after the
laser pulse, the IE PL line is strongly circularly polarized
(more than 60 % at zero delay, for example) and does not
show strong variations across the whole PL spectrum. At
later times only the high-energy part of the spectrum re-
4mains polarized. At low temperature T=1.8K the circu-
lar polarization of the PL disappears after 7ns while at
T=3.8K the PL is unpolarized already after 3ns.
For a quantitative analysis of the spin relaxation, the
PL image is profiled along the energy scale, from which
PL decay curves for a fixed energy interval are received.
The spin relaxation time is the decay time of the circu-
lar polarization degree. Figure 4 gives the IEs PL de-
cay curves for σ+ and σ− circular polarization (circular
and square symbols, respectively) as well as the decay
of the corresponding circular polarization degree (trian-
gular symbols), measured at different temperatures near
the PL line maximum (crosshatched region in fig.2). The
blue lines are least-mean-square fits to the data using a
bi-exponential decay form.
The maximum intensity of the IE PL line is reached
for delays of about 2ns. We suggest that this time is nec-
essary for the formation of IEs upon resonant tunneling
of electrons and holes to adjacent quantum wells and re-
laxation in energy towards the density and temperature
equilibrium values.
We have found that the spin relaxation dynamics can
be described by two different time constants, an initial
fast one and a delayed slow one (see fig.5). The ini-
tial decay time τ1 is very weakly temperature dependent
and amounts to about 0.35ns. In contrast, the slow de-
cay time τ2 which exceeds τ1 by an order of magnitude
at low T drops by a factor of about 2 for temperatures
above 3.6K. Up to 15K no more considerable changes in
the temporal dynamics of the IEs circular polarization
degree is observed. The same behavior occurs for an-
other, slightly smaller bias U = -0.55 V applied to the
CQW. These data have been received at an excitation
power about 30kW/cm2 leading to an IEs concentration
nex ∼ 3 × 10
10cm−2. We have found that the strong
reduction of spin relaxation time τ2 is quite sensitive to
excitation power (see fig.6). At smaller and at bigger ex-
citation power the temperature boundary for the strong
reduction of the spin relaxation time τ2 shifts to lower
temperatures.
Fig.7 shows the bias dependence of the spin relax-
ation time at T=2K. With increasing voltage, τ1 and
τ2 first monotonously increase and then don’t change up
to 0.85V, corresponding to about 22meV splitting be-
tween the 1sHH and the interwell exciton. For higher
bias, the spin relaxation process is described by a sin-
gle relaxation time. From Fig.6 it can be seen that with
increasing bias the time for accumulation of interwell ex-
citons increases. This can be attributed only due to a rise
of the tunneling time. Therefore we suggest that for large
bias single-particle spin-relaxation mechanisms may play
a determinative role.
We have also measured the temperature dependence
of the circular polarization degree of the intrawell 1sHH
exciton luminescence. Its spin relaxation rate does not
change in the temperature interval from 2 to 15K and
decays monoexponentially with a time constant of about
180ps. This result is in good agreement with ref. [7],
where the exciton spin relaxation dynamics has been
investigated in great detail at low temperatures. The
mechanism responsible for 1sHH spin relaxation is the
electron-hole exchange interaction. For CQW structures
the carries spin dynamics is more complicated. After the
laser pulse several processes may occur: electron tunnel-
ing to the adjacent quantum well, energy and spin relax-
ation, interwell exciton formation and radiative annihila-
tion. We suggest that the τ1 time is due to electron-hole
exchange interaction within the 1sHH exciton, while the
τ2 time characterizes the IEs spin relaxation. Since the
wave function overlap integral is very small, the electron-
hole exchange interaction is very weak and the τ2 time is
much longer than the τ1 time.
III. THEORETICAL DESCRIPTION OF
INTERWELL EXCITON SPIN RELAXATION.
The exciton kinetics including spin relaxation is gov-
erned by the following processes:
1) electrons spin-flip within the exciton with rate we,
2) holes spin-flip within the exciton with rate wh,
3) exciton spin-flip due to electron-hole exchange with
rate wEX for intrawell excitons and with probability wex
for IEs,
4) exciton radiative recombination with rate wR for
intrawell excitons and with probability wr for IEs,
5) intrawell exciton transformation into IEs due to elec-
tron tunneling to the adjacent quantum well with rate
wk.
For modelling, we have used the equations obtained in
refs. [10, 11]. The concentrations of intrawell excitons
NDi and interwell excitons N
I
i are described by the rate
equations:
d
dt
NDi = F
D
ij N
D
j − wkN
D
i , (1)
d
dt
N Ii = F
I
ijN
I
j + wkN
D
i , (2)
where i, j = 3/2, 1/2,−1/2,−3/2
These equations have to be solved for the boundary
conditions:
ND1 = N0, N
D
i = 0, i 6= 1, N
I
i = 0.
The coefficients F
D/I
ij are given by
F
D(I)
ij =
∣
∣
∣
∣
∣
∣
∣
∣
−(w+e + w
+
h ) w
−
e w
−
h 0
w+e W
D(I) wEX(ex) w
+
h
w+h wEX(ex) W
D(I) w+e
0 w−h w
−
e −(w
+
e + w
+
h )
∣
∣
∣
∣
∣
∣
∣
∣
.
(3)
The intra- and interwell exciton spin flip probabilities are
WD(I) = −(
1
τR(r)
+ wEX(ex) + w
−
e + w
−
h ). (4)
5The electron (hole) spin-flip rate inside the exciton is
given by
w±e(h) = −
we(h)
1 + e±∆/kT
, (5)
where ∆ > 0 is the energy splitting between the optically
active and the optically inactive ones.
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FIG. 5: Temperature dependence of spin relaxation times.
The circular symbols give the fast τ1 and the slow τ2 relax-
ation times at bias U=0.6V, the square symbols give the τ1
and the τ2 times at U=0.55V, respectively. The arrow indi-
cates the temperature region where a rapid change of the spin
relaxation rate occurs.
We assume that the hole spin flipping time is much
smaller than all other times in our system. In this case
the ”bright” (| ± 1 >) and ”dark” (| ∓ 2 >) exciton con-
centrations are connected to each other, depending on
temperature T and exchange splitting ∆.
N±2 = N∓1f(∆/kT ), f =
1 + e∆/kT
1 + e−∆/kT
. (6)
This assumption allows one to take into consideration
only the optical active (”bright”) | ± 1 >) excitons.
d
dt
NDi = G
D
ijN
D
j , (7)
with
ND1 = N0, N
D
i = 0, i = ±1
d
dt
N Ii = G
I
ijN
I
j + wkN
D
i , (8)
with N Ii = 0 and the coefficients G
D(I)
ij given by
G
D(I)
ij =
∣
∣
∣
∣
−(wL(l) + wX(x)) wX(x)
wX(x) −(wL(l) + wX(x)).
∣
∣
∣
∣
(9)
The influence of the ”dark” | ± 2 > excitons is described
by the effective annihilation rates wL, wl and the spin
relaxation rates wX , wx (effective times τL, τl and τX ,
τx) for intrawell and IEs, respectively:
wL = wk + wR/(1 + f),
wl = wr/(1 + f),
wX = 2wEX/(1 + f) + 4we/(2 + e
∆/kT + e−∆/kT ),
wx = 2wex/(1 + f) + 4we/(2 + e
∆/kT + e−∆/kT ).(10)
To compare these results with the experimental data
it is necessary to determine the time dependence of the
exciton concentration of the optically active states |±1 >
and of their spin polarization degree:
p(t) =
N+1(t)−N−1(t)
N+1(t) +N−1(t)
(11)
N±1(t) =
1
2
N(t)(1 ± p(t)), (12)
where N(t) = N+1(t) + N−1(t) is the total exciton con-
centration. The IE PL intensities measured in experi-
ment are directly proportional to the exciton concentra-
tions. For intrawell excitons we obtain:
pD(t) = e−wXt; ND(t) = N0e
−wLt, (13)
while for IEs we have:
pI(t) =
wL − wl
wL + wX − wl − wx
e−(wl+wx)t − e−(wL+wX )t
e−wlt − e−wLt
N I(t) =
N0wk
wL − wl
(e−wlt − e−wLt). (14)
The comparison of experimental data with theoretical
calculations is presented in Fig.8 for different electrical
biases corresponding to the following energy splittings
∆E between the 1sHH exciton and the interwell exciton:
(1) ∆E = 4.5 meV, τL = 0.16 ns, τl = 0.8 ns, τX = 0.12
ns, τx = 1.1 ns; (2) ∆E = 6.4 meV, τL = 0.20 ns, τl = 1.0
ns, τX = 0.13 ns, τx = 1.6 ns, and (3) ∆E = 8.3 meV,
τL = 0.27 ns, τl = 1.3 ns, τX = 0.16 ns, τx = 2.0 ns.
Our model rather well describes spin relaxation at small
bias, while at bigger voltages probably it would have to
take into account non-local tunneling, to obtain better
agreement.
The increase of the exciton spin relaxation time and
the radiative exciton annihilation time with bias can be
explained by the enhanced spatial separation of electrons
and holes both in the same quantum well as well as in
adjacent ones.
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FIG. 6: Temperature dependence of the spin relaxation time
τ2 at different excitation powers. Red circular symbols corre-
spond to an excitation power of about 30kW/cm2 leading
to an IEs concentration nex ∼ 3 × 10
10cm−2. Black and
blue square symbols correspond to excitation powers of about
20kW/cm2 and 45kW/cm2, respectively. The arrows indicate
the temperature region where a rapid change of the spin re-
laxation rate occurs.
IV. DISCUSSION
We believe that the experimental results described
above strongly support the suggestion that we have made
previously (see [7]) about the collective nature of the be-
havior of the interwell excitons below a critical temper-
ature. Qualitatively, the origin of the collective exciton
phase can be described as follows. At low temperatures
(T ≤ 2K), the IEs fill a particular potential relief in the
quantum-well plane, as the density of the optical exci-
tation power is increased. These potential traps arise,
for example, from residual impurities, defects, or other
structural imperfections. This is manifested by a nar-
rowing of the PL line with increasing pumping, such that
the line width ceases to reflect the statistical distribution
of the fluctuation amplitudes of the random potential.
In our opinion, the sharp narrowing of the PL line, the
superlinear rise of its intensity and the threshold-like in-
crease of its circular polarization cannot be associated
with reaching the percolation threshold by IE density
only, because of the strong sensitivity to temperature,
even though there is no distinct temperature boundary.
Berman and Lozovik showed [2] that a sufficiently dense
system of IEs with particular values of the dipole mo-
ment may condense into a dielectric phase despite of the
dipole repulsion among such excitons.
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FIG. 7: Bias dependencies of the spin relaxation times at
T=2K. Red circular symbols correspond to the slow τ2 relax-
ation times, black square symbols to the fast τ1. The blue
square symbols give the spin relaxation times τ for high bias
where a monoexponential decay of the circular polarization
degree is observed. The dashed line indicates the boundary
between the biexponential and the monoexponential spin re-
laxation ranges.
An essential amendment was made in ref. [1], whose
authors indicated that such a condensation in real sys-
tems can occur most probably in regions with confine-
ment in the quantum-well plane. In the structures stud-
ied here which were fabricated using the growth inter-
ruption epitaxial technique for the heteroboundaries (in
our case, the growth interruption time was 2 minutes),
large-scale in-plane fluctuations of the well width arise
in the heterostructure plane. The size of these fluctu-
ations along the growth direction is of the order of one
monolayer. The characteristic lateral length scale of such
fluctuations in the QW plane reaches a micrometer. Be-
cause of these fluctuations, lateral domains are formed
in the quantum wells. As judged from the character-
istic doublet structure in the photoluminescence excita-
tion spectra of the intrawell excitons of our samples, the
depth of such domains can be estimated by 1.5 - 2 meV.
IEs can accumulate in these domains, because the lateral
domain boundaries prevent excitons from spreading out
randomly in the quantum-well plane.
We have suggested that the IEs demonstrate a collec-
tive behavior in these domains when their density and
temperature surpass critical values. For testing this as-
sumption, the surfaces of the samples were coated by a
metallic mask containing lithographically prepared holes
7with sizes of a micrometer or less, through which pho-
toexcitation and photocollection were done [8] (see fig.
9). We found that for weak pumping (less than 50µW ),
the IEs are strongly localized in small-scale fluctuations
of a random potential, and the corresponding photolu-
minescence line is inhomogeneously broadened (up to
2.5meV). When the resonant excitation power is in-
creased, a spectral line which is attributed to delocalized
excitons arises with a threshold-like intensity behavior.
Above the threshold the intensity increases linearly with
pump power, narrows (minimum line width 350µ eV),
and undergoes an energy shift (up to ∼ 0.5meV) to lower
energies, in accordance with filling of the lowest state in
the domain. Finally we observed that with increasing
temperature, this line disappears continuously from the
spectrum. Therefore its vanishing cannot be described
by a thermally activated behavior, which would show an
exponential dependence. The critical temperature Tc is
about 3.4K.
IEs are composite bosons. If this bosonic behavior is
maintained also at high densities, the excitons therefore
must condense upon reaching the values for critical con-
centration and temperature (analogue of Bose-Einstein
condensation). For confinement in the quantum-well
plane, the critical temperature at which this conden-
sation takes place can be estimated using the equation
Tc = pih¯
2Nex/kmex ln(NexS), where Nex is the exciton
density, mex is the exciton mass, and S is the domain
area. If we assume that the exciton mass mex is 0.25m0
and the domain size is 0.5µ2, we obtain a critical tem-
perature Tc = 3K for the densities Nex = 5 × 10
10cm−2
used in our experiment. This is very close to the value
observed experimentally.
It should also be noted that in our experiments mea-
surements are carried out simultaneously on several tens
of such lateral domains because the smallest diameter of
the laser excitation spot from which luminescence spec-
tra are detected is about 30µm. Due to the dispersion
of the lateral domain sizes and the averaging of spectra
from different domains, a sharp threshold of the critical
behavior in temperature cannot be observed. For the
same reasons, the smallest observed luminescence line
width (about 1meV) is still inhomogeneously broadened,
because interwell exciton luminescence from differently
sized domains contribute to the emission. At the same
time, the sharp narrowing of the luminescence line ob-
served experimentally at T < Tc (Tc = 4K) and the
long-wavelength shift of this line (about 1.5meV), in ac-
cordance with filling of the lowest energy state in the
domain, are clear manifestations of Bose properties of
excitons.
The condensed IE phase must exhibit coherent prop-
erties. This means that the IEs must possess the same
phase on the length scale of the de Broglie wavelength,
which is close to the lateral domain sizes. This phase
coherence in turn affects the radiative annihilation rate,
which increases due to the increased coherence volume.
Earlier we have found from the kinetics of luminescence
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FIG. 8: Circularly polarized IEs PL decay curves (σ+ - square
symbols, σ− - circular symbols) as well as the corresponding
circular polarization degree γ (triangular symbols) measured
at different biases. The signal has been integrated over the
crosshatched region in fig.2. Solid curves correspond to theo-
retical calculations according to expressions (14)-(15). T=2K.
spectra that the lifetime of the collective exciton state is
about three times shorter than the luminescence decay
time of localized IE’s [9]. This increase in the radiative
decay rate of IEs and the corresponding increase of the
degree of circular polarization are particular manifesta-
tions of the coherence of the collective exciton state.
We believe that the presented experimental results are
additional evidence for the coherence of the IEs collective
phase at low temperatures. Our claim is based on ref.
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FIG. 9: Photoluminescence spectra of the interwell exciton
(IE line) under conditions of resonant excitation of the di-
rect 1sHH exciton for various excitation powers. U=0.3V,
T=1.6K. The used excitation power is indicated at each trace.
The spectral resolution of the setup is indicated at the top
right. Inset: degree γ of circular polarization (dots) vs. ex-
citation power for resonant excitation at the line maximum;
the contribution from the structureless background was not
taken into account. Again, T=1.6K and U=0.3V.
[12], where the spin relaxation rate of Bose-condensates
of atoms in traps was studied. It has been shown that
the spin relaxation rate of the atoms condensed phase is
N! times smaller than that for atoms in the uncondensed
phase, where N is the number of particles involved in
scattering process destroying Bose-condensation. Exper-
imentally, this claim was confirmed in ref. [13], in which
the spin dynamics of atoms in a Bose-condensate has
been investigated. In our case the τ2 time characterizing
the exciton spin relaxation changes by a factor of about
2, as expected from the electron-hole composition of the
exciton, in good agreement with the model calculations
in ref. [12].
V. CONCLUSIONS
In conclusion, for the first time the temperature de-
pendence of the IEs spin relaxation time has been in-
vestigated in GaAs/AlGaAs CQWs. A strong decrease
of the IEs spin relaxation time has been discovered at
T < Tc = 4K. The observed phenomenon occurs due to
the interwell exciton collective phase coherence at tem-
peratures below the critical one.
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